Objectives: The purpose of this study was to identify an optimal imaging protocol for metal artifact reduced magnetic resonance imaging by application of different imaging and postprocessing parameters in compressed sensing sliceencoding for metal artifact correction (CS-SEMAC) and to test it in patients with total hip arthroplasty (THA).
B
ecause of a rapidly growing number of patients with metal implants, metal artifact reduction magnetic resonance sequences (MARSs) are increasingly important in clinical practice. [1] [2] [3] [4] Besides conventional high bandwidth MARS imaging, dedicated techniques such as sliceencoding for metal artifact correction (SEMAC) were developed. 5, 6 The efficacy of SEMAC with respect to excellent correction of inplane artifacts and through-plane artifacts was confirmed for different joint replacements. An improved diagnostic quality with clinical relevance was demonstrated. [7] [8] [9] Despite, the major drawback of the SEMAC technique remained its prolonged scan time, that may reach about 10-15 minutes, compared to 4-5 minutes for a high bandwidth conventional MARS scan. 7, 10 To reduce scanning times, complex advanced image reconstruction algorithms have been implemented in postprocessing algorithms. 11 Along with partial Fourier, undersampling and parallel imaging these algorithms have been combined with SEMAC techniques. 1 Compressed sensing SEMAC (CS-SEMAC) techniques use sparsitydriven and CS-based k-space undersampled SEMAC data with iterative reconstruction. [12] [13] [14] [15] [16] New CS-SEMAC techniques aim to decrease artifacts, increase image resolution, optimize image quality, and most importantly reduce scan time in comparison to standard SEMAC techniques. It was demonstrated that CS-SEMAC sequences are applicable in clinically feasible scan times of less than 5 minutes equivalent to those of high bandwidth conventional MARS sequences. 10 At the same time, CS-SEMAC sequences provide a potent artifact reduction similar to lengthier SEMAC sequences for hip, knee, and ankle arthroplasties. 10, 13, 17 However, the optimal CS-SEMAC protocol still needs to be defined to allow for improved evaluation of juxtaprosthetic tissue.
Main CS-SEMAC parameters that can be modified are sliceencoding steps (SESs), number of iterations, and the normalization factor, also known as "regularization parameter". The SESs are the number of adjacent slices whose signal is assessed for artifact reduction during readout for one specific slice. 5 Iterations are additional correction algorithms that reduce reconstruction artifacts and improve image clarity. Higher normalization factors are applied to decrease the image noise. The scan times increase with higher numbers of SESs. The reconstruction times at postprocessing increase with higher number of SESs, iterations, and normalization factors.
To the best of our knowledge, there has not been a systematic evaluation of the best imaging parameters. Previous literature reported the use of an SES factor of 19, iterations ranging from 20 to 30 and normalization factors ranging from 0.0025 to 0.008. 10, 13 We hypothesized that imaging parameters as previously published might be sufficient for clinical use, but that image quality could be further improved using higher SESs and normalization factors.
The purpose of this study was to identify an optimal imaging protocol for metal artifact reduced magnetic resonance imaging (MRI) by application of different imaging and postprocessing parameters in compressed sensing slice-encoding for metal artifact correction (CS-SEMAC) and to test it in patients with total hip arthroplasty (THA).
MATERIALS AND METHODS
The study was reviewed and approved by the local institutional review boards. The study was performed with informed consent and has been conducted according to the Declaration of Helsinki with written informed patient consent. In this study, an experimental phantom was used to evaluate a range of different CS-SEMAC parameters for their efficacy regarding metal artifact reduction. Second, the juxtaprosthetic soft tissue MRI scan quality was assessed patients with THA undergoing MRI of the hip for clinical indications using the best CS-SEMAC parameters as derived from the phantom experiment.
Experimental Setup
A phantom was constructed by embedding a standard total hip replacement (titanium Quadra-H stem, titanium Versafit-CC cup, femoral head replacement with cobalt-28 chromium-6 molybdenum alloy casting; Medacta, Castel San Pietro, Switzerland) and polypropylene structures in agarose 2% containing gadolinium (Gadovist 1.0; 0.1 mmol/L). 18 The mixture surrounded the implant 20 mm or more in every direction.
Patients
After the feasibility of the pulse sequences was confirmed in phantom scans, each CS-SEMAC pulse sequence was evaluated in 1 patient, respectively, with a total number of 3 patients: These clinical scans were then used to perform a number of reconstructions with variations in parameters (25 reconstructions per pulse sequence and per number of SESs), as described in the postprocessing section. The patients were consecutive patients with THA who received MARS imaging of the hip due to clinical complaints. The STIR images were acquired to assess the integrity of the gluteal muscles in a 78-year-old female patient with a THA of the right hip. The T1-weighted (w) images were acquired to exclude loosening and pseudotumor formation in a 71-year-old female patient with a THA of the right hip. The T2-w images were acquired in a 57-year-old female patient with a THA of the right hip due to pain in the trochanteric region and to exclude loosening of the THA. Patients were included if they had received a THA and were referred for an MRI of the hip for clinical indications at our institution. Exclusion criteria were contraindications to MRI, or the presence of a revision THA. No patients had to be excluded.
Magnetic Resonance Imaging
Magnetic resonance imaging was performed at a 1.5 T scanner (Magnetom Avanto; Siemens Healthcare, Erlangen, Germany) using a 6-channel body phased array coil anteriorly and 2 spine coil clusters (3 channels each) posteriorly. A work-in-progress software package that included the postprocessing algorithm of compressed sensing and SEMAC techniques was provided by Siemens Healthcare. 
Postprocessing
Postprocessing was performed at the console of the MR scanner. The number of iterations and the normalization factor (regularization parameter) used for image reconstruction were varied, both for the phantom scans and for the clinical scans. The numbers of iterations applied were 5, 10, 20, 30, and 50, which were all individually combined with a normalization factor of 0.0005, 0.001, 0.002, 0.003, and 0.005 resulting in 25 image datasets for each raw data acquisition.
Semiquantitative Assessment of MRI Scans
All MRI datasets were transferred on Picture Archiving Communication System (PACS) workstations (Easy Vision; Philips, Best, the Netherlands) and were evaluated semiquantitatively by 2 readers in consensus (P.M.J., S.B.; 10 and 13 years of experience, respectively). Outcome measures were assessed on a 5-point scale (1 = best, 5 = worst). Artifact reduction was scored on phantom images by use of the parameters "in-plane distortion," "through-plane distortion," "ripple artifacts," and "overall artifacts." In-plane distortion was defined as signal displacement within 1 plane. Through-plane distortion was defined as signal displacement to adjacent planes. 9 Ripple artifacts were previously described as typical for SEMAC sequences. 19 They appear as multiple rings of signal loss and signal pile-up in-plane adjacent to round contours of the implant (Fig. 1A) . Soft tissue image quality was scored on clinical images of patients by use of the parameters "blurring," "soft tissue contrast," "distortion of soft tissue," "ripple artifacts," and "overall image quality." The best image dataset of each iteration group and the best image dataset of each normalization group were chosen, finally resulting in a best image for each SESs group and an overall best image for each pulse sequence.
Signal-to-Noise Ratio and Contrast-to-Noise Ratio Measurements
To calculate signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) regions of interest (ROIs) were drawn manually on MRI scans (round ROIs, identical area of 100 mm 2 for all ROIs) using OsiriX Lite 7.0.2 software (Pixmeo; Bernex, Switzerland). On phantom images, ROIs were placed on room air and on the agarose/gadolinium mixture (SI agarose ). On clinical images, ROIS were placed on room air, on muscle tissue (adductor muscles; SI muscle ), on subcutaneous fat (SI fat ), and on the bladder (SI fluid ). ROIs and ROI placements were identical for each image data reconstruction to avoid measurement bias. SD background was defined as the first positive standard deviation (SD) of the signal intensity of the room air. SI ROI was defined as the mean signal intensity (SI) of the respective tissue. SNR ROI was calculated as SNR ROI = 0.655 Â SI ROI /SD background. 20 CNR was calculated as the difference of SNR between 2 tissues of interest (SNR ROI 1 − SNR ROI 2 ). All measurements were performed by one reader (P.M.J.; 10 years of experience).
Statistical Analysis
Statistical processing was performed with SPSS version 20.0 (IBM Corp, Armonk, NY) and Microsoft Excel for Mac Version 2017 15.40 (Microsoft Corporation, Redmond, WA) (P.M.J.). Results are reported as mean ± standard deviation (SD) if not stated otherwise. Mean differences between groups ± standard error of the mean (SEM) and 95% confidence intervals (95% CIs, lower value, upper value) were determined. Differences between groups were assessed via independent samples t-tests. Multivariate regression models were used to determine independent influence factors for each assessed artifact and image quality parameter. Partial Spearman correlations (controlling for pulse sequences)
were calculated to assess correlations of SNR and CNR with SESs, iterations, and normalization factors. All tests were performed based on a 0.05 level of significance. 
RESULTS

Image Acquisition and Reconstruction
Image acquisition and reconstruction was feasible. However, during the acquisition of T1-w and T2-w CS-SEMAC images of the phantom with the maximum number of 27 SESs, the MR console crashed several times. Similarly, during postprocessing and image reconstruction of CS-SEMAC data with 27 SESs, the systems went down several times. Scanning and reconstruction of CS-SEMAC data with 11 and 19 SESs was performed without complications. Because of these technical issues during the phantom scans, clinical images in the patients were acquired with 11 and 19 SESs only.
All scans had a clinically feasible acquisition time. The acquisition time was 4:15 to 8:49 minutes for STIR sequences, 3:10 to 6:51 minutes for T1-w sequences, and 2:24 to 5:02 minutes for T2-w sequences with increasing acquisition times for increasing numbers of SESs.
The time for reconstruction of the image datasets varied between 3:14 minutes (T1-w, 11 SESs, 5 iterations) and 85:00 minutes (T2-w, 27 SESs, 50 iterations). For CS-SEMAC sequences with 19 SESs, the reconstruction time was 5:40 to 32:21 minutes for STIR sequences, 4:13 to 30:30 minutes for T1-w sequences, and 5:53 to 46:48 minutes for T2-w sequences with longer reconstruction times for increasing numbers of iterations.
Semiquantitative Assessment of MRI Scans
Experimental Phantom Scans
Good artifact reduction was achieved for all images and artifacts varied only slightly (Supplementary Material S1, Supplemental Digital Content 1, http://links.lww.com/RLI/A395). There were no throughplane artifacts detected on any of the reconstructed images (mean score ± SD, 1 ± 0). Ripple artifacts were less severe on T1-w images than on STIR images (P = 0.025). In-plane distortion and overall artifacts were significantly less on T1-w images than on T2-w or STIR images (P < 0.001).
Ripple artifacts increased with increasing numbers of SESs (Table 1) and with more iterations, whereas they were unaffected by the normalization factor (Table 2, Figs. 1A and 2). The least ripple artifacts were found on T1-w images with 11 SESs and 5 iterations. Inplane distortion was reduced with increasing numbers of SESs and with more iterations. Although in-plane distortion was reduced with 20 iterations as compared with 5 (P < 0.001) or 10 (P = 0.004) iterations, no further improvement was observed with application of 30 or 50 iterations (P > 0.05). Application of a normalization factor of 0.005 increased in-plane distortion significantly as compared with a normalization factor of 0.002 (P = 0.011). Scores for overall artifacts improved significantly with application of 19 SESs instead of 11 SESs (P < 0.001), whereas there was no further improvement with application of 27 SESs (P = 0.678). Similarly, scores for overall artifacts improved significantly with application of 10 iterations instead of 5 iterations (P = 0.003) and with application of 20 instead of 10 iterations (P < 0.001), but there was no further improvement with application of 30 or 50 SESs (P > 0.05). Overall artifacts were less severe with application of low normalization factors (0.0005, 0.001, or 0.002) than with application of higher normalization factors (0.002 vs 0.005, P < 0.001).
In multivariate regression analyses, SESs (β = 0.324; P < 0.001) and iterations (β = 0.695, P < 0.001) were identified to influence ripple artifacts significantly and independently. All parameters were identified to influence in-plane distortion significantly: pulse sequence (β = 0.118, P = 0.011), SESs (β = −0.528, P < 0.001), iterations (β = −0.435, P < 0.001), and normalization factor (β = 0.243, P < 0.001). SESs (β = −0.405, P < 0.001), iterations (β = −0.524, P < 0.001), and normalization factor (β = 0.264, P < 0.001) were identified to influence overall artifacts significantly.
Overall best artifact reduction was found for all pulse sequences with 19 SESs and 20 iterations. The optimum normalization factor was 0.002 for STIR and T2-w sequences and 0.001 for T1-w sequences.
Clinical Scans
Of note, in clinical scans, no ripple artifacts could be detected. There was significantly less blurring on T2-w images than on STIR or T1-w images (P = 0.014 and P < 0.001; Table 1 ). Soft tissue contrast, distortion of soft tissue, and overall image quality were significantly better for STIR images than for T1-w and T2-w images (all P < 0.001), whereas there was no significant difference between T1-w and T2-w images (P > 0.005).
Regarding the soft tissue image quality, blurring did not differ between 11 and 19 SESs and decreased from 5 to 10 (P = 0.046) and 20 iterations (P < 0.001); more iterations (30 or 50) did not decrease blurring further (Table 2 , Supplementary Material S2, Supplemental Digital Content 2, http://links.lww.com/RLI/A396). A normalization factor of 0.001 resulted in least blurring. Blurring can most easily be depicted on STIR images (Fig. 1B) . Soft tissue contrast improved with 19 SESs as compared with 11 SESs (P < 0.001). While iterations did not have a significant influence on soft tissue contrast, smaller normalization factors were beneficial for soft tissue contrast. Soft tissue contrast may best be evaluated when considering the muscle fiber delineation, which disappears with high normalization factors in particular on T2-w images (Fig. 1C) . Distortion of soft tissues was observed less on images with 19 SESs than with 11 SESs (P = 0.034). Least soft tissue distortion was detected for 20 iterations, and more severe soft tissue distortion was observed with fewer or more iterations. However, the difference was not significant (5 vs 20, P = 0.080; 20 vs 50, P = 0.234). Distortion was distinctly worse with increasing normalization factors of 0.002 and higher (0.001 vs 0.002, P < 0.001), and the images appeared more and more like artificial drawings (pastel-like), particularly on T1-w and T2-w images. Although overall image quality was scored best for 19 SESs and 10 iterations, it did not differ significantly between different SESs or different numbers of iterations (P > 0.05). It was significantly better for normalization factors of 0.0005 and 0.001 as compared with a normalization factor of 0.002 (P = 0.006 and P = 0.012) or higher.
Multivariate regression analyses revealed that the parameters pulse sequence (β = −0.148, P = 0.027), iterations (β = −0.311, P < 0.001), and normalization factor (β = 0.439, P < 0.001) were significant independent influence factors with effects on blurring of the image. Soft tissue contrast was independently influenced by all parameters: pulse sequence (β = 0.230, P < 0.001), SESs (β = −0.332, P < 0.001), iterations (β = 0.179, P = 0.004), and normalization factor (β = 0.389, P < 0.001). Distortion of soft tissue was influenced by pulse sequence (β = 0.547, P < 0.001) and normalization factor (β = 0.483, P < 0.001). Pulse sequence (β = 0.603, P < 0.001) and normalization factor (β = 0.476, P < 0.001) were also identified to influence overall image quality independently.
Overall best soft tissue image quality was found for STIR and T1-w images with 19 SESs, 10 iterations, and a normalization factor of 0.001, and for T2-w images with 11 SESs, 10 iterations, and a normalization factor of 0.0005.
SNR and CNR Measurements
The results of the SNR analysis are given in the Supplementary Material S3, Supplemental Digital Content 3, http://links.lww.com/ RLI/A397. Partial spearman correlations revealed significant correlations between SESs (R = 0.30, P < 0.001), iterations (R = 0.28, P < 0.001), and normalization factor (R = 0.45, P = <0.001) with SNR agarose . There was a significant difference in SNR agarose between CS-SEMAC images with 19 SESs and 27 SESs (mean ± SEM, 137 ± 7 vs 181 ± 13, P = 0.003) but not between 11 SESs and 19 SESs (120 ± 7 vs 137 ± 7, P = 0.087). SNR agarose increased significantly from Mean semiquantitative scores ± standard deviation (SD) and mean differences ± standard error of the mean (SEM), lower and upper 95% confidence interval (CI) and P values are provided for parameters that describe metal artifact reduction on phantom scans (A and B), and for parameters that describe soft tissue appearance on clinical scans (C and D). P < 0.05 is considered statistically significant. Of note, there were no through-plane artifacts detected on any of the reconstructed images; ripple artifacts were only seen on MRI scans of the phantom.
TABLE 2. CS-SEMAC: Influence of Iterations and Normalization Factor on Different Parameters
Phantom Scans Mean semiquantitative scores ± standard deviation (SD) and mean differences ± standard error of the mean (SEM), lower and upper 95% confidence interval (CI) and P values are provided for parameters that describe metal artifact reduction on phantom scans (A and B), and for parameters that describe soft tissue appearance on clinical scans (C and D). P < 0.05 is considered statistically significant. If differences between 2 consecutive means were significant, P values are given behind the mean of the higher number of iterations/normalization factor, respectively. Of note, there were no through-plane artifacts detected on any of the reconstructed images; ripple artifacts were only seen on MRI scans of the phantom.
5 iterations to 10 iterations (100 ± 7 vs 130 ± 9; P = 0.010) and showed a statistical trend for a significance between 10 and 20 iterations (130 ± 9 vs 161 ± 14, P = 0.074); with more iterations, there was no further significant increase. SNR agarose increased with increasing normalization factors. The differences were significant for the steps 0.0005 to 0.001 (104 ± 6 vs 127 ± 8, P = 0.031) and 0.003 to 0.005 (157 ± 10 vs 211 ± 18, P = 0.011).
With respect to clinical MRI scans, SNR muscle correlated significantly with SESs (R = −0.17, P = 0.042), iterations (R = 0.17, P = 0.036), and normalization factor (R = 0.43, P < 0.001). SNR fat correlated significantly with iterations (R = 0.19, P = 0.022) and with normalization factor (R = 0.52, P < 0.001) but not with SESs (R = −0.08, P = 0.363). SNR fluid correlated significantly with normalization factor (R = 0.45, P < 0.001) but not with SESs (R = −0.02, P = 0.784) or iterations (R = 0.15, P = 0.072). The CNRs of muscle versus fat correlated significantly with iterations (R = 0.19, P = 0.024) and normalization factor (R = 0.52, P < 0.001). The CNRs of fluid versus muscle only correlated significantly with normalization factor (R = −0.28, P = 0.001).
DISCUSSION
This study determined the optimal parameters for advanced acquisition and reconstruction algorithms during postprocessing of CS-SEMAC sequences for metal artifact reduced 1.5 T MRI of patients with THA. Although an excellent reduction of metal artifacts was achieved with all CS-SEMAC sequences that were acquired, the parameters determined in this study allow to reduce the wellknown artifacts including those induced by the CS-SEMAC techniques and to optimize the duration of the image acquisition. The findings underline that not only the development of new metal artifact reduction techniques is important, but that optimization of scan protocol parameters is essential to guarantee an optimal image quality in patients with metal implants. Overall best soft tissue image quality was found for STIR and T1-w images with 19 SESs, 10 iterations, and a normalization factor of 0.001, and for T2-w images with 11 SESs, 10 iterations, and a normalization factor of 0.0005.
The prevalence of orthopedic metal implants is continuously rising. The most frequently performed joint replacement is THA. 9 During the postoperative course, some patients experience complications that involve the implant and the surrounding soft tissues and need further evaluation via MRI. 7 Conventional MARS sequences include optimized MR parameters such as high-bandwidth, small voxel size, short echo times, and so on. 21 New specialized MARS techniques include VAT, multiacquisition variable-resonance image combination, and SEMAC. 3, [5] [6] [7] 9, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] They allow a more accurate diagnosis with implications on treatment strategies. SEMAC reduces through-plane distortions via pseudo-3D acquisitions. It corrects for signal that is excited in wrong slice positions. 1, 5, 26, 34 Advanced acceleration techniques such as partial Fourier, undersampling, and parallel imaging as well as advanced, postprocessing image reconstruction algorithms with iterative reconstruction are currently being combined with SEMAC techniques. 1, 11 Those compressed sensing techniques in combination with SEMAC techniques (CS-SEMAC) allow to use SEMAC sequences with constant artifact reduction and image quality in clinically feasible acquisition times. [10] [11] [12] [13] Worters et al 11 showed in 13 subjects with spinal implants that using compressed sensing techniques result in no loss of diagnostic quality. For knee arthroplasties and THA, Fritz et al 10, 13 demonstrated that CS-SEMAC sequences allow a time-neutral use of SEMAC techniques with better image quality than high-bandwidth sequences and quality similar to lengthier SEMAC pulse sequences. CS-SEMAC improved the diagnosis of pathologies adjacent to total ankle arthroplasties resulting in a positive effect on patient management. 17 Several studies used similar experimental setups for evaluation of MARS sequences. 35 In the present study, an agarose/gadolinium mixture was used to achieve an intermediate to high T2 signal as well as an intermediate to high T1 signal for improved visualization of artifacts on all pulse sequences. On phantom scans, the overall extent of artifacts was small in all acquired CS-SEMAC sequences, which is consistent with previous observations. 10, 13, 17, 36 Residual ripple artifacts were already described as typical artifacts induced by SEMAC sequences. 10 , 19 We could demonstrate that ripple artifacts increased with more SESs and iterations. Ripple artifacts were not visible on clinical MRI scans, from which we conclude that they are of minor importance in the context of clinical CS-SEMAC MARS imaging of THA.
The parameters evaluated in the present study (SESs, iterations, and normalization factor) may be adjusted by the MR technician directly at the parameter display of the MR computer console. SESs are the number of adjacent slices whose signal is assessed for artifact reduction during readout of SEMAC sequences for one specific slice. 5 The required coverage is dependent on the implant material and the extent of the resulting field inhomogeneities. 1, 6 The current main issues of SEMAC sequences are very long scan times that increase with increasing numbers of SESs. Thus, for metals such as stainless steel that cause large artifacts and that require many SESs, techniques that reduce the scan time may be most helpful. None of the available CS-SEMAC studies varied the number of SESs or other parameters to optimize those advanced image acquisition and reconstruction techniques.
10,11 CS-SEMAC sequences are usually provided by the manufacturer with 19 SESs. In test scans of the phantom, it was found that a maximum of 27 SESs was technically feasible. Standard SEMAC sequences (without CS) had been frequently acquired with 6 to 12 SESs.
7-9,36-38 Therefore 11, 19, and 27 SESs were assessed in this study. More SESs were associated with higher SNR, reduced metal artifacts, and improved imaged quality, but images showed more severe ripple artifacts and had longer acquisition and reconstruction times; 19 SESs were identified to be sufficient for optimal artifact reduction. Twenty-seven SESs exceeded computer and processor power. Although during the time of image reconstruction other pulse sequences of the same patient may be acquired, no other patient may be scanned on the same console during reconstruction time. The issue of reconstruction time, computation power, and processor speed has not been discussed so far. 10, 11, 13, 17 More iterations were associated with reduced metal artifacts and reduced blurring, but also with more severe ripple artifacts and longer reconstruction times. None of the parameters improved significantly with application of 30 or 50 iterations as compared with 20 iterations. In clinical scans, 10 iterations resulted in sufficient image quality for all assessed sequences. Previously, based on initial empirical experience, 15, 17 19, 4 and 20 10, 13 iterations were applied for imaging of ankle, hip, and knee replacements. These numbers of iterations seem reasonable, whereas 30 iterations are more time-consuming without any profit. 10, 13, 17 By exploration of missing image information, smoothening, and contrast enhancement, a higher normalization factor (regularization parameter) causes an artificial appearance of the soft tissue on CS-SEMAC images and the delineation of anatomical structures decreases. 1 The optimal normalization factor was 0.001 for STIR and T1-w sequences and 0.0005 for T2-w sequences. Those studies that previously reported the normalization factor used a wide range of 0.0005, 17 0.0025, 10 0.005, or 0.008, based on initial empirical experience. 13 Although a normalization factor of 0.0025 may still seem reasonable (in our study most parameters got worse with a normalization factor of 0.003), higher normalization factors cause soft tissue distortion and artificial image appearance. Fritz et al 13 stated that optimization of iterations and normalization factors are required, which our study provides both in phantom scans and clinical scans.
The study has limitations. First, a structured analysis was only performed of coronal images both in the phantom and in the patients because this is the main plane for MRI of THA and other joint replacements. For the sagittal and for the transverse plane, only exemplary phantom scans were performed in preparation of this study, which demonstrated feasibility and transferability of the results to the other planes (data not shown). Second, a number of 19 SESs proved to be sufficient for a robust and clinically applicable artifact reduction as well as for optimal image quality; a further increase of SESs is not necessary. Whether 13, 15, or 17 SESs would also be sufficient for optimal image quality may not be determined by the present study. Last, artifact reduction was assessed in one phantom. Following, it can only be assumed that with other implants and implant materials, optimal artifact reduction is achieved with the same parameters.
In conclusion, optimized advanced acceleration and reconstruction algorithms of CS-SEMAC have been identified to reduce metal artifacts in patients with THA enabling imaging with clinically feasible acquisition and reconstruction times.
